Introduction
The identification of unknown analytes in biological matrices remains a significant challenge, whether the focus is on small molecules, metabolites, proteins, lipids or components of cellular extracts. Conventional mass spectrometric based approaches for non-targeted analyses typically utilize chromatographic techniques, such as liquid chromatography (LC) or gas chromatography, combined with mass spectrometry (MS) or tandem MS (MS/MS). [1] [2] [3] However, sample matrix complexity can lead to molecular features being missed or remaining hidden within the dataset, due to components being unresolved from the chemical noise and/or co-eluting isobaric species when conventional chromatographic or mass spectrometric techniques are employed. Improvements in limits of detection and peak capacity can be achieved using complex sample preparation techniques and/or lengthy chromatographic run times. However, these approaches may not always be successful and are usually employed in targeted analyses where the analytes of interest are known. Moreover, these targeted optimization approaches may not be applicable in a non-targeted analysis, where the aim is to profile the whole metabolome or proteome and detect small perturbations within a complex matrix under specified conditions. 4 Drift tube ion mobility (IM) spectrometry is a complementary technique to MS, which has been used in non-targeted IM-MS, [5] [6] [7] and LC-IM-MS methods for the acquisition of nested data sets in metabolomic 8, 9 and proteomic applications. 10, 11 Field asymmetric waveform ion mobility spectrometry (FAIMS), also known as differential mobility spectrometry (DMS) or differential ion mobility spectrometry (DIMS) [12] [13] [14] is an alternative to IMS which can be used to increase selectivity and sensitivity in LC-MS analysis. 15 FAIMS is an atmospheric pressure, gas-phase separation technique, which separates ions based upon non-linear compound-dependent differences in their mobilities in alternating high and low electric fields. FAIMS therefore differs from drift tube IM, which separates ions based on ion drift velocity in a buffer gas under low electric field strengths. 14 In FAIMS, an asymmetric RF waveform known as the dispersion field (DF), is applied across two electrodes (planar or cylindrical), causing ions passing between the electrodes to experience a net displacement through the device. 13, 14 A superimposed DC voltage, referred to as compensation voltage (CV), is used to generate a compensation field (CF), which can be used to transmit ions of a selected differential mobility, or can be scanned to produce a FAIMS spectrum of CF versus ion intensity. FAIMS has a high degree of orthogonality with MS and LC, and FAIMS combined with LC-MS can be used to increase selectivity and lower detection limits by reducing chemical noise and removing interferences, which can be advantageous when dealing with complex matrices. [15] [16] [17] FAIMS-MS has been used in non-targeted omics applications, showing increased peak capacities compared to MS alone. 18, 19 However, the slow scan speeds of most FAIMS devices, resulting from long ion residence and dwell times (50-200 ms), means that the acquisition of scan data over the full CF range is incompatible with typical LC peak elution times, particularly for fast ultra-high performance liquid chromatography (UHPLC) analyses. The incorporation of FAIMS into LC-MS for omics workflows has therefore been limited to stepping between a small number of selected CFs in a single run, usually between 3-6 CFs per scan, 20, 21 or scanning over a reduced FAIMS CF scan range; the fastest reported time for a partial CF scan being ~2-3 seconds. 22 Both of these approaches may result in missing data for components not transmitted through the device at the selected CFs, 23, 24 during the elution time of the narrow peak widths (~5-10 s) associated with UHPLC separations.
Other approaches to overcoming the slow scanning speeds of FAIMS devices have been to use long chromatographic run times to increase peak width, or to perform multiple chromatographic runs, each at a different CF, which can improve peak capacity, but significantly increases the total analysis time. 25, 26 There is, therefore, a need for a fast scanning of the full FAIMS CF spectrum within the timescale of a UHPLC peak, in order to acquire LC-FAIMS-MS datasets without extending the LC-MS analysis time.
Fast scanning of the full CF range in a cycle time of 1 s is achievable using a miniaturized FAIMS device, with microsecond ion residence times, [27] [28] [29] 
Experimental

Chemicals
HPLC grade acetonitrile (ACN), water and ammonium acetate were purchased from Fisher Scientific (Loughborough, UK). Acetic acid, creatinine and theophylline were purchased from Sigma Aldrich (Dorset, UK). A pooled human urine sample was aliquoted into 500 µL aliquots and stored at -80 °C until analyzed.
Sample preparation
A protein precipitation method previously reported was adapted and used in this study. 9, 30 Aliquots of urine (500 µL), stored at -80 °C, were thawed at room temperature for 20 mins. The thawed urine sample was vortexed for 30 s followed by ultrasonication for 1 min to ensure sample homogeneity, prior to the addition of cold (4°C) acetonitrile (ACN, 1 mL) to the urine aliquot. 31 The mixture was vortexed for 30 s, followed by ultrasonication for 1 min and allowed to stand for 5 mins prior to centrifugation at 12200 rpm for 10 mins at ambient temperature. The supernatant was removed and analyzed by LC-FAIMS-MS and LC-MS.
LC-FAIMS-MS set-up and synchronization
LC-FAIMS-MS analyses were performed using an Agilent 1200 series LC interfaced to an Agilent 6230 time-of-flight (TOF) MS (Agilent Technologies, Santa Clara, USA) fitted with a prototype chip-based miniaturized FAIMS device (ultraFAIMS, Owlstone
Ltd., Cambridge, UK), which has been described in detail elsewhere. 32 The multichannel FAIMS device (100 µm electrode gap), with a short trench length (78. Therefore, each individual CF dataset was exported as a separate file for further processing, using a similar approach to Canterbury et al. 22 CF deconvolution was achieved by extracting the mass spectra at the retention times associated with each CF (every 12 th mass spectra, including the interscan re-initialization step) and exporting the extracted spectra from MassHunter in the mzData file format, 34 resulting in 11 separate files containing all of the mass spectra acquired at each CF.
The exported CF separated LC-FAIMS-MS mzData files were imported into MZmine 
Results and Discussion
FAIMS-MS profiling
FAIMS-MS analysis was initially
LC-FAIMS-MS profiling
Hyphenation of liquid chromatography with mass spectrometry is widely used in omics applications, because of the orthogonal separation characteristics of the two techniques. It has also been shown that the fast scanning capability of the drift tube ion mobility spectrometry (MS timescale) allows the acquisition of nested LC-IM-MS data sets. 8 In contrast, the relatively slow scan rates of most FAIMS and DMS devices means that similar datasets can only be acquired if compromises are made, such as scanning the CF over a partial range, stepping between selected CFs or using long LC run times. However, the fast scanning capability of miniaturized FAIMS (~1s full scan), allows the acquisition of nested full scan FAIMS and MS spectra within the timescale of a UHPLC chromatographic peak width (~5-10 s). A HILIC column was used for this study because of the widespread use of HILIC in metabolomics applications, but the approach may be extended to other separation techniques, such as reversed phase chromatography. DF 240 Td was chosen for the (Figure 1 (a) ). The FAIMS was set to scan across the entire CF range -0.9 to 4.0 Td, in ten 0.49 Td steps, providing full coverage of the urine profile, with a total scan time ~1s, which is significantly more data points/CF scan than previously reported for LC-FAIMS-MS. The total ion chromatogram for the acquired nested LC-FAIMS-MS raw data set (DF 240 Td) for urine using a HILIC UHPLC column separation is presented in Figure 3 parameters are very difficult to predict. 38 The development of library data of the sort generated for LC-IM-MS would facilitate compound identification. 39 An aid to the identification of molecular features is to generate fragment ions using collision induced dissociation (CID). This is possible if the FAIMS is interfaced to a tandem mass spectrometer, such as a Q-TOF or Q-Orbitrap. In this study, a single TOF mass analyzer was used, allowing fragment ions to be generated by in-source CID without ion pre-selection on the basis of m/z and therefore the fragment ion mass spectrum at a particular retention time can be a complex array of overlapping fragmentation patterns. However, an approach previously described as FAIMS-insource collision induced dissociation-MS (FISCID-MS), 32 can be used to simplify fragment ion spectra as a result of FAIMS pre-selection. Figure 6 
LC-FAIMS-MS analysis, as a compromise between sensitivity (at low CFs) and separation of ions (at high CFs) by the FAIMS device, based on the preliminary FAIMS-MS analysis of urine
